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INTRODUCTION 
The importance of turfgrass on airports, athletic 
fields, cemeteries, church grounds, golf courses, industrial 
lawns, parks, roadsides and school grounds has become well 
recognized in modern agriculture. These areas cover an 
estimated 13,450,100 acres in the United States. A total of 
$2,892,800,000 is spent annually for growing and maintaining 
the grass i n these locations. Tu...·f managers and homeowners 
also spend over $80,000,000 for pest killers and buy 
4,000,000 power mowers every year. Fine turf is a valuable 
landscape commo~ity and compares in economic importance with 
our major field crops. 
Constantly rising standards in the maintenance of 
turfgrass r esult in new problems for the homeowner, golf 
course superintendent and grounds manager. Disease control 
is recognized as one major problem. All turfgrasses are 
exposed to serious fungus injury because turf is subjected to 
more art1f1oi~l growth conditions than the same grasses in a 
natural environment. For example, excessive foot traffic 
resulting in soil compaction and frequent and close clipping 
of the leaf blades have a detrimental effect on the vigor of 
turfgrass species and strains. 
Since proper management, based on a knowledge of 
nutrient and water requirements of turfgrasses, can do much 
to reduce the incidence and severity of diseases, it is 
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important that detailed studies be conducted to learn more 
about these nutrient-disease relationships. 
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PURPOSE OF THE STUDY 
Recent r esearch has shown that the susceptibility of 
turfgrass species to fungus parasites can be directly altered 
by varying soil fertility and soil moisture conditions 
(1, 8 and 23). While low levels of nitrogen favor develop-
ment of fairy ring, red thread and dollar spot, other 
diseases such as pythium blight, and brown patch are favored 
by high nitrogen levels. Effects of moisture stress on 
disease susceptibility also vary with specific disease 
causing organisms. 
The purpose of this study was to determine the effects 
of different levels of moisture stress, various levels of 
nitrogen, and interaction of these factors on tolerance of 
Merion bluegrass to Puccinia graminis. During the experi-
ment other diseases, Helminthosporium and Fusarium, appeared 
and their effects on the turf were evaluated. 
It was expected that a better understanding might be 
gained of the influence of soil moisture stress and fertility 
on the development of Rust , Melting-out and Fusarium rot on 
Merion bluegrass. 
Experimental me t hods involved the use of a solution 
culture set-up. Treatments were designed to be more extreme 
than those encountered under natural conditions. Therefore, 
further studies should be conducted under field conditions 
before practical recommendations can be made. 
REVIEW OF LITERATURE 
Turfgrass Disease 
The first documented diagnosis of a turfgrass disease 
in the United States occurred in the turf garden of Fred W. 
Taylor in Philadelphia in 1914. In 1915, from browned 
patches of turf, a fungus was isolated which later was proven 
to be the cause of this injury (22). Since then parasitic 
fungi have been recognized as the primary cause of turfgrass 
disease. Although most fungus species are harmless 
saprophytes, the par asitic forms are known to cause over 
75 diseases of turfgrass (7). 
Rust 
Various rust d i seases of turfgr ass have been recognized 
for many years and wer e generall y considered to be one of 
the minor dis eas e problems of t his plant group . In 1936 
the l ighly susceptible Merion varie ty of Kentucky bluegrass 
was introduced, and rust became one of the most important 
of turfgr as s dis eas es (21). 
Britton and Cummins (3) concluded that stem rust of 
Mer'ion bluegr as s i s i ncited by a race of Puocinia gra.mini~ 
f. s p .. agrostis wh ich has a. five-s pore-stage and alternate 
host developmental cycle. 
Two s et s of envir onment al conditions are required f or 
success f ul es t ablishment of Puccini a gr ami nis at 
e piphytotic l evel s . The optimum pre- penetr ation environment 
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for urediospore germination and appressorium development is 
a 4 to 8 hour period of light intensity below 300 foot-
candles and air temperatures in the 18° to 24° c. range with 
high atmospheric humidity. After entry into the stomata! 
chamber is achieved , the optimum environmental combination 
for successful penetration of the host cell wall is an 
8 to 16 hour period at a light intensity of over 500 foot-
candles and air temperatures in the 29° to 3,-0 c. range with 
slow drying of leaf surfaces (27 and 28). 
Disease symptoms of rust on Merion bluegrass are 
similar to those that are found on wheat. Couch (7) 
described these symptoms as follows: 
Early leaf-lesion development is seen as light 
yellow flecks. As these lesions enlarge, they may 
become somewhat elongate, and, in case of high 
incidence, show definite orientation in rows parallel 
with the veins of the leaves. Finally with the 
rupture of the cuticle and epidermis, the l esions 
develop into reddish-brown pustules . As these 
maturing pustules enlarge, the cuticle and epidermis 
that formerly covered each is pushed back to produce 
a characteristic collar-effect. 
Melting-Out 
About 90 different species of Helminthosporium have 
been described as injuring a large variety of plants. 
Particul arly susceptible are corn, cereal grains, sugar cane, 
forage and turfgrasses (14). Melting-out diseases of leaf, 
crown and roots caused by Helminthosporium are among the most 
i mportant fungus disorders of turfgrasses (7). It was first 
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reported on Kentucky bluegrass in 1919, when the disease was 
observed in lawns and fields around Madison, Wisconsin (11) . 
Helminthosporium sativum P. K. B. overwinters as dormant 
mycelium in infected plants and debris from the previous year's 
stand . Howard (14) reported that spor es were found to be 
viable after 10 years on stored seeds . During the growing 
s eason, the organism also develops as a saprophyte on plant 
debris and necrotic tissue of living plants (7) . 
Spores on Kentucky bluegrass leaves germinate in 30 to 
40 minutes from the onset of optimum environmental conditions . 
Leaf penetration by the germ tube is either direct or through 
the stomata . A period of 8 to 10 hours of moisture 
satur ated atmosphere is required for a high level of 
infection (35). 
There are several degrees of disease severity on 
Kentucky bluegrass . Besides the leaf-lesion phase there is 
a crown rot phase and a root rot phase which severely reduce 
plant vigor. 
Under experimental conditions of cont inuous moisture the 
degree of severity of the foliar phase of the disease is 
directly related to atmospheric temperatures . At 20°-25° c. , 
the disease occurs as leaf spot with no leaf blighting; at 
30°-35° c. blighting of the leaves often results in complete 
plant kill . No leaf lesions are produced i n the latter 
instance . With alternating moist and dry conditions, leaf 
spot symptoms develop but blighting does not occur (35). 
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According to Couch (7) the characteristic leaf lesions 
a.re first seen as small dark brown to purplish s po ts. As 
these dis eased ar eas increas e in size, the centers turn 
ligh t brown and finally fade to a light tan with pur plish 
brown borders . 
No reference is made in the literature of 
Helminthosporium sativum infection in Merion bluegrass. 
Howard (14) observed ll• vagans on Merion , an<1 H. sativum on 
common Kentucky bluegrass but has not found H· sativum on 
Merion bluegrass. 
Fusariwn Rot 
This disease complex appears to cause serious damage 
over an extended range of temperatures in the presence of 
high soil moisture. It may make its appearance at any time 
of the year (17). Sprague (32) summarized recent studies 
of Snyder and Hansen and stated: 
It is their belief that a number of species 
are unnecessary, such as l• graminearum, l• culmorum, 
F. eguiseti, !• scirpi, l• sporotrichioides, and 
F. avenaceum which are variants of the pink and buff 
types all lumped under l• roseum. 
F. avenaceum and l• culmorum are capable of saprophytic 
existence on debris in the soil. They are observed as common 
inhabitants of the compost pile and may occur in a viable 
condition in the soil to a depth of 20 cm. (4). 
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Couch1 discovered t his disease complex , f. roseum, on 
turfgrass grown under greenhouse conditions at Pennsylvania 
State University. He was one of the first to mention it in 
relation to turfgrass disease. 
Disease symptoms on turfgrass are observed as stunted 
plants, pale green in color, and unable to recover readily 
from injuries caused by mowing or adverse weather conditions. 
Roots of these plants seem to deteriorate due to a r-eddish-
brown dry rot. During periods of rela tively high soil 
moisture and cool air temperatures, pinkish growth of the 
organism is seen on the roots and crown tissue near the 
soil surface(?). 
Nitrogen in Relation to Grass Diseases 
There are many plant diseases in which nutritional 
factors of the host have an effect upon the rate and degree 
of disease development. Many field experiments and controlled 
nutritional studies have been conducted to determine the 
effects of various levels of nitrogen, phosphorus, or 
potassium and of the concentration of balanced nutrients upon 
disease. 
According to Butler and Jones (4) these nutritional 
factors are often intimately associated with intracellular 
processes, and the substances concerned have seldom been 
1couch Houston B., Pennsylvania State University, 
University Park, Pa. Fusarium organisms. Private 
communication. July 1963. 
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identified. Variations in nitrogen level seem to act mostly 
on these cell contents, solutes, amino acids, or proteins 
(20). Evidence regarding the influence of nitrogen on 
disease reaction is conclusive. 
Raines' investigations (25) suggest that the increased 
susceptibility of wheat to rusts under an excess of 
nitrogenous fertilizers is in most part due to indirect 
effects of the fertilizers in increasing the density of the 
stand and lengthening the period of exposure to infection. 
In solution cultures both rust and mi ldew were more 
severe when the quantity of nitrogen required for healthy 
growth was doubled, and this occurred whether the nitrogen 
was provided as sodium nitrate or ammonium sulfate. There 
was also evidence that the rusts do best on plants making 
the most rapid growth and on those having the greatest 
transpiration (4). According to Davis il al. (10) rust 
disease on Merion bluegrass can be controlled by stimulating 
vigorous growth with adequate nitrogen and water during dry 
periods. 
Disease severity of turfgrass that was infected with 
Brown patch, Rhi zoctonia solani, was greater at high nitrogen 
levels than at normal or low levels. Low nitrogen resulted 
in significantly less disease than normal nitrogen levels (1). 
With increasing amounts of nitrogen the number of Fusarium 
nivale infections on bentgrass also i ncreased significantly 
(19). 
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With a high ratio of nitrogen to potassium, Fusa.rium 
aulmorum infection was increased. Severity of the disease 
continued regardless of the concentrations of phosphorio acid 
applied to the soil (4). In culture Helminthosporium 
gramineum Rabh. exhibited a marked growth response to 
nitrogen. The organism utilized the ammonium ion 1n 
preference to nitrate ion in the early stages of growth (6). 
Disease devel opment of Pythium blight on bentgrass was also 
observed to be less at low l~vels of nitrogen (23). 
The turfgrass disease Fairy ring, caused by numerous 
bas idiomycetous fungi, was reported by MacLean (17) as 
occurring in areas that were usually low in nitrogen. 
Neither high nor low levels of phosphorus and potassium, 
high nitrogen, nor high balwced nutrition infl uenced disease 
development of Dollar spot, Sclerotina,a homoeocarpa F.T. 
Bennett , on turfgrass (8). Roberts (26) noted that where 
nitrogen fertilizer ·was withheld bentgrass was more prone 
to Dollar spot infection than when fertilized with 5 pounds 
of nitrogen per 1000 square feet. 
High nitrogen may increase severity of one disease but 
decrease that of another. Some diseases are most active on 
succulent, rapidly growing host plants; others are most 
damaging to stunted, undernourished plants . There appears to 
be no definite rules which can be developed to predict 
disease incidence as a function of nitrogen nutrition. 
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Moisture Stress in Relation to Gras s Diseases 
High soil moisture f avors spore germination, active 
growth of mycelial aggreg ates and selerotia development of 
turf fungi (17). The amount of soil moisture present also 
influences the concentr ation of the soil solution which in 
turn affeots the water content of the plant (20). 
Several diseases are known to be infl uenced by the 
moisture content of the host tissue. This may af f ect the 
penetration of the parasite through the plant surface or its 
subsequent growth in the tissues of the host. The turgor 
of the plant cells may have a bearing in some of these 
relationships (4). 
The flooding of intercellular spaces with water has 
increased the growth rate of the pathogen and the 
susceptibility of the host in several bacterial dis e ases 
(29). This tendency of flooding in intercellular spaces 
was shown to be increased by low potassium and h igh nitrogen 
fertilization (34). 
The factors related to increased attack by the powdery 
mildews, such as Erysiphe gr amini s, have been reviewed by 
Butler and Jones (4). The receptivity of the host plant 
was correlated with the turgor of the tissue. The cereals 
and other plants tha t were commonly affected by these fungi 
were rel atively r esistant to attack as long as their green 
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parts were fully turgid; but when t hey lost turgidity, as 
from hot or dry air or dry soil, they were found to be 
readily infected. 
Infection of wheat by Fusarium culmorum was shown to 
be much more prevalent in soils with a mo isture content of 
30 per cent of saturation than those with 50 per cent or 
more. The factors involved here were thought to be 
increased aeration of the parasite and possible injury to 
the host at the lower humidity (30). 
The influence of 5 soil mo istur e levels between field 
capacity and permanent wilting percentage, on Dollar spot 
disease development was checked by varying time of irrigation 
prior to inoculation. Disease development was significantly 
greater with irrigation practices that produced higher soil 
moisture stresses, i.e. allowing plants to extract to 3/4 
field capacity and below (9). 
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METHODS AND MATER IALS 
Culture Set Up 
The experiment was performed using a solution culture 
technique similar to the one reported by MaoLeod and 
Bredakis (2, 18). This method was selected so that the 
treatment levels under study, ni trogen and osmotic pressure, 
could be controlled. It would have been more difficult to 
achieve this control in a soil system because of the complex 
interaction between nutrient ions and soil colloidal 
particles. 
Each culture unit consisted of a glazed gallon crock of 
6 1/2 inches inside diameter filled with nutrient solution, 
and a plexiglass culture lid to hold the sod (Figure 1). The 
culture lid consisted of a 9 1/2 inch square top frame with a 
6 3/4 inch diameter hole in the center in which turf was 
produced (Figure 2). The bottom frame was 8 inches in 
diameter and had forty equally spaced 3/4 inch holes through 
which the roots grew. These two plexiglass frames were 
screwed together to hold a fiberglass screen and a glass wool 
seedbed between them. The top frame was coated with 
aluminum paint to exclude light from the solution. This 
prevented growth of algae . A fully established turf produced 
40 square inches of surface above the culture unit . 
Figure l. A complete nutrient culture unit 
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AERATION SYSTEM - PUMP TO CULTURE 
· · A· PUMP C· CARBOY E· CLAIF G· POT · 
: : B· RUBBER TUBE D· T·TUBE F- CAPILLARY TUBE : : 
. . . . . . . . . . . . . . . . . . . . ................... 
Figure 2. Components of culture lid 
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SOLUTION CULTURE STUDY 
COMPONENTS OF CULTURE LID. 
Granite Chip 
Gross Seed 
1
Top Frame 
I 
Gloss Wool 
Screen- (fiber gloss) 
Bottom Frame 
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The aeration system consisted of a small electric pump 
which supplied compressed air through a reservoir and a 
central system of rubber tubing which branched off to each 
culture. Air was supplied to cultures through a 0.5 mm. 
(inside diameter) capillary tube t hat was inserted into 
the nutrient solution through a hole in the top of the 
culture lid. 
Turf was established by seeding with Merion bluegrass 
at a rate equivalent to 1 pound per 1000 square feet. This 
gave ten to twelve pure live seeds per square inch. The 
s eedbed was covered with a 1/8 inch layer of granite chip to 
hold the emerging seedlings i n pos i tion. 
'rhe culture lius were s eeded December 4 and established 
on a sol ution containi ng all of t he essential elements at 
concentr ations t hat were optimum for growth of turf (Table 1). 
The surface of the culture lids was moistened only as needed 
during the germination period. The air pressure was adjusted 
in the tubes t o produce vigorous bubbling and this kept the 
seedbed mo ist. Turf was grown on the standard solution until 
April 2, a period of four months, before the various 
tr eatments were applied. 
Throughout the four-month establishment period artificial 
lighting was us ed to increase the daylength and provide more 
optimum conditions for growth. Gr ass was clipped at a 1 1/2 
inch height approximately e·very two weeks when it r eached the 
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Table 1. Concentr ation of salts us ed in standard nutrient 
solution 
Salt 
Ca (No
3
)2 • 4H20 
(NH4 ) 2 S04 
K2HPOl+ • 3H20 
Mg S04 • 7H20 
Fe2 (S04)) 
H3 Bo3 
Mn S04 • H20 
Zn so4 • 7H 0 2 
Cu so4 • 5H20 
(NH4 )6 Mo7024 • 4H20 
Molarity 
2.6 X 10-3 
1.05' X 10-J 
0 .8 X 10-3 
0.79 X 10-3 
0.11 X 10-4 
0.90 X 10-? 
0. 45 X 10- 5 
5 -5 0.1 X 10 
0.16 X 10-6 
0.16 X 10-7 
height of 2 inches or more. Solutions were changed weekly 
and distilled water was added as needed to keep the level 
constant. The temperature of the greenhouse, in which the 
experiment was conducted, was maintained at 22° C. during the 
wi nter. With the arrival of spring the temperature gr adually 
increased. During the l atter part of this period clippings 
were collected and fresh and dry weights were recorded to 
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determine variation in uniformity of sod and vigor of 
turfgrass stands. The clippings from each culture were 
averaged and grouped into replications based on nearly equal 
dry weights (Tables 2, 3, 4 and 5). 
Treatments 
Treatments consisted of three levels each of nitrogen 
and osmotic pressure of the nutrient solutlon in all 
combinations, a total of nine different tre at ments. They 
were: 1. low N, low OP; 2. low N, medium OP; 3. low N, 
high OP; 4. medium N, low OP; 5. medium N, medium OP; 
6. medium N, high OP ; 7. high N, low OP; 8. high N, 
medium OP; 9. high N, high OP. These treatments were 
started on April 2 and were maintained continuously until 
the final harvest from each culture (Figure 3). A 
randomized block design with 6 replications was used in a 
greenhous e location . A controlled environment growth chamber 
was used for 2 other replications. Cultures were arranged 
in a randomized block design in the chamber. 
Solution Composition 
Roberts1 found that nutrient solutions used in the 
culture of other plants produced turf of abnormal 
succulence and at too rapid a growth rate. The nutrient 
1Roberts, Eliot c., Ames , Iowa. Concentration of 
nutrient solution . Private communication. 1963. 
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Table 2. Average fresh weight of Merion bluegrass clippings 
before treatments (grams) 
Replications * 
Proposed treatment I II III IV V VI 
NlPl 3. 56 3.98 4.38 5.18 5.74 6.13 
NlP2 3.77 4.03 4.25 4.85 5.90 6.29 
N1P3 3.55 4.06 4.60 4.94 5.92 6.10 
N2Pl 3.71+ 4.09 l+.68 5.32 5. 51 6.13 
N2P2 3.79 4. 53 4.84 5.11+- 6.01 6.19 
N2P3 3.62 4.28 4.43 5.31 5.80 6. 54 
N3P1 3.99 4.43 4.78 5. 50 5.71 6.48 
N3P2 3.94 4.20 4. 54 5.73 6. cl+- 6.69 
N3P3 3.91 l+.44 4.92 5.32 6.04 6. 50 
Nl 0 ppm nitrogen pl O. 5 atmospheres osmotic 
pressure 
N2 10 ppm nitrogen P2 0.75 atmospheres osmotic 
pressure 
N3 100 ppm nitrogen P3 1. 50 atmospheres osmotic 
pressure 
• Six replications included in the study conducted in the 
greenhouse. 
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Table 3. Average dry weight of Merion bluegrass clipp ings 
before treatments (grams) 
Replications* 
Proposed tr eatment I II III IV V VI 
NlPl 0.73 0.81 0.89 1.47 1.13 1.22 
N1P2 0 .75 0.81 0.89 0 .99 1.14 1.23 
N1P3 0.75 0.81 0.90 1.00 1.14 1.25 
N2Pl 0.75 o.84 0 . 90 1.04 1.16 1.26 
N2P2 0.78 0.89 0.90 1.08 1.18 1 . 26 
N2P3 0.73 o.88 0.91 1.10 1.18 1.27 
N3P1 0.80 o.88 0.94 1.11 1.19 1.30 
N3P2 o.Bo o.85 0.95 1 .12 1.22 1 .32 
N3P3 0.77 o.88 0.97 1.12 1.22 1.33 
Nl 0 ppm nitrogen pl 0.5 atmospheres osmotic 
pressure 
N2 10 ppm nitrogen P2 O. 75 atmospheres osmotic 
pressure 
N3 100 ppm nitrogen P3 1. 50 atmospheres osmo tic 
pressure 
• Six replications included in the study conducted in the 
greenhouse . 
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Table 4. Aver age fresh weight of Merion bluegrass clippings 
before treatments (grams) 
Pr oposed tr eatment 
Nl 0 ppm nitrogen p 1 
N2 10 ppm nitrogen P2 
N3 100 ppm nitrogen P3 
* Replic ations 
I I I 
5.39 
5.21 
5.07 
4.89 
5.16 
5. 59 
5.01 
5.20 
5.06 
4.85 
5.36 
5.41 
5.04 
4. 92 
5.31 
5.14 
5.29 
4.91 
0. 5 a t mos pheres osmo tic 
pressure 
O. 75 at mospheres osmotic 
pressure 
1. 50 at mos pheres osmotic 
pressure 
*Two replications included in the study conducted in 
the growth chamber. 
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Table 5. Average dry weight of Merion bluegrass clippings 
before treatments (grams) 
Proposed tr e atment 
0 ppm nitrogen 
10 ppm nitrogen 
100 ppm nitrogen 
Replications* 
I II 
1.06 
1.07 
1.02 
0.99 
0.99 
1.09 
1.05 
1 . 02 
1.08 
0.98 
1.03 
1.05 
0.96 
0.97 
1.05 
1.00 
1.05 
0. 97 
0.5 atmospheres osmo tic 
pressure 
O. 75 atmospheres osmotic 
pressure 
1.50 atmospheres osmotic 
pressure 
* Two replications included in the study conducted in 
the growth chamber. 
Figure 3. Experimental layout in the greenhouse during 
treatments 
26 
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solution used was formulated from different salts that 
provided all the essential elements. These concentrations 
were altered to be slightly lower than those normally used 
in solution culture work for other horticultural and 
agronomic crops (Tables 6 and 7). 
Both ammonium nitrogen and nitrate nitrogen were 
included in the solution with nitrate the predominent source. 
This nitrogen balance produces better results t h an can be 
obtained from either source alone. The high nitrogen level 
was considered optimum while the medium and low levels were 
below the minimum range required to give good plant growth 
( 13). 
Phosphorus and potassilAm were supplied in the form of 
dipotassium phosphate which is frequently used in solution 
culture work because of its buffering capacity. 
Since calcium nitrate was used as a source for both 
calcium and nitrate, solutions that were low or medium in 
nitrogen received calcium sulfate to keep the calcium 
concentration constant. With the exception of sulfate, there 
was no variation in nutrient levels between treatments except 
nitrogen, the element under study. 
The pH of the solution was tested once a week using a 
porcelain plate and Universal no. l solution. It was then 
adjusted by using a 10% sulfuric acid solution since all of 
the nine different treatment solutions were somewhat basic. 
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Table 6. Concentration of salts used in nutrient solution 
treatments 
Salt Molarity 
High nitrogen 
Ca( N03)2 • 4H20 2.6 X 10-
3 
(NH4)2 so4 1.05 X 10-] 
Medium nitrogen 
Ca(No
3
)2 • 4H20 0.26 X 10-
3 
(NH4)2 S04 0.10 X 10•3 
Ca S04 • 2H20 2.35 X 10-
3 
Low nitrogen 
Ca so4 • 2H20 2.6 X 10-
3 
All treatments 
Mg S04 • 7H20 0.79 X 10 
-3 
Fe2 (S04-)3 0 .11 X 10-
4 
H3 Bo3 0.90 X 10-
5 
Mn so4 • H20 0.45 X 10-
5 
Zn so4 • 7H20 0.15 X 10-
5 
Cu S04 • 5lI20 0.16 X 10•
6 
(NH4)6 Mo7 024 • 4H20 0.16 X 10-
7 
K2 HP04, • 3H20 0.8 X 10-
3 
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Table 1. Concentration (parts per million) of elements in 
nutrient solution 
Element p.p.m. 
High nitrogen 102 
Medium nitrogen 10 
Low nitrogen 0 
Potassium 63 
Phosphorus 25' 
Calcium lo4 
Magnesium 19 
Sulfur 61-110 
I ron 1.2 
Boron 0.1 
Manganese 0.25 
Zinc 0.1 
Copper 0 .01 
Molybdenium 0.01 
The treatment solutions wer e changed weekly to give a 
constant supply of the essential el ements to the plants and 
to keep the pH of the solutions from changi~g r adically. 
As turf was becoming established , the pH dropped from 
7.0 to 5.5 within a period of a week . As the turf developed, 
the pH of the sol utions gradually began to rise. Using a 
technique suggested by Pellett (2~) the pH was then adjusted 
to about 6.5 at the beginning of the week and it rose to 
7.0 - 7.5 by the end of the week. There was no appreciable 
difference in the pH range among the different treatments. 
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According to Hewitt (13) this rise in pH can be 
attributed to factors related to the diff erential uptake of 
cations and anions by the plants. 
Moisture Stress 
Moisture s tresses of 0.5 atmospheres, P1 ; 0.75 
atmospheres, P2 and 1.5 atmospheres, P3 wer e created by 
increasing the osmotic pres sure of the nut rient solutions. 
This was achieved by adding Carbowax 1000, a high molecular 
weight polyethylene glycol. Polyethylene glycol s are polymers 
of ethylene oxide with the gener alized formula HOCH2 
(CH2ocH2)n CH2oH, with n representing the average number 
of oxyethylene groups (33). Carbowax 1000 dissolves in 
water to form clear solutions and does not hydrolyze or 
deteriorate. 1 According to Kelly a typical analysis of the 
mineral contaminants in Carbowax 1000 would show 0.1 to 0.5 
ppm. of iron, aluminum, magnesium and silicone, and less 
t han 0.1 ppm. of phos phorus, manganese, nickel, chromium, 
titanium, copper, l ead, zinc and silver. The contaminants 
in t he nutrient solution treatments wer e c alculated and at 
the medium OP level there were 0. 00~2 ppm . of iron, 
aluminum, magnesium and s ilicone, and 0.0085' ppm. of 
phosphorus, manganes e , nickel, chromium, titanium, copper, 
1Kelly, H. E., Union Carbide Chemicals Co., Chicago, 
Ill. Contami nants in Carbowax 1000. Personal communication. 
February 21, 1962. 
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lead, zinc and silver. The high OP level con tained . 0128 
ppm . of iron , aluminum , magnesium and silicone, and .0025' 
ppm. of phosphorus, manganese, nickel, chromium, titanium, 
copper, lead, zinc and silver . 
The freezing point of aqueous solutions is a direct and 
easily used measure of the effective concentra.tion or 
activity of water. It is the method most frequently used for 
determin ing water concentration and thus the potential 
osmotic pressure of solutions (15). By following the 
technique described by Loomis and Shull (16) measurements 
of the freezing points of the nitrogen t r eatment solutions 
containing various amounts of Carbowax were made. The 
Beckmann thermometer was emyloyed to determine temperature 
differences . 
A stock solution containing 1,0 grams of Carbowax 1000 
per 11 ter was prepared. Freezing points for each nitrogen 
level and each nitrogen level con taining 2, 4 and 6 liters 
of the carbowax stock per 17 liters of nutrient solution were 
determined. Three runs were made for each treatment and the 
means recorded (Table 8). A r ecord was kept of the under-
cooling. The correct apparent freezing point lowering for 
the undercooli ng error was calculated with the equation: 
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where 6 is the true depression, ~ is the observed 
depression, and ,4 is the undercooling . These are all 
measured in degrees centigrade. 
Calculations were made to determine the maximum 
osmo tic pressure which could be developed by the solution 
under ideal conditions using the formula: 
p := ~ X .2.4.Q 
/.86 
where P is the osmotic value in atmospheres at 20° c. The 
values obtained produced a linear curve (Figure 4) from which 
was determined the amount of Carbowax 1000 stock solution 
needed to achieve specific atmospheres of osmotic pressure. 
Pathological Methods 
On October 19, spores were collected from rust 
pustules on Merion bluegrass experimental plots at the 
Horticulture farm. This was accomplished by using a 
commercial vacuum cleaner with three utility bags placed 
within one another . A portable field generator provided 
electric power. The material collected was run through a 
50 mesh screen and then through a 100 mesh screen to 
separate spores from foreign material. Microscope studies 
showed that a large number of urediospores were present along 
with a few spores of Helminthosporium and Curvularia. 
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Table 8. Data on freezing point determinations* 
Solution Undercooling Observed True Atm. 
depression depression 
0 ppm N 1.14 0 .02 .0197 .251+3 
11 ppm N 1.13 0 .03 .0296 .3816 
102 ppm N 1.25' 0 .03 .0295 .3810 
0 ppm N+2L 1.15 0.09 .0887 1.1446 
11 ppm N+2L 1.27 0 .09 .0886 1.1428 
102 ppm N+2L 1.23 0.09 .0886 1.1435 
0 ppm N+4L 1.49 0.16 .1570 2.0200 
11 ppm N+4L 1 .38 0.15 .1474 1.9020 
102 ppm N+4L 1.29 0.16 ' .1574 2.0310 
0 ppm N+6L 1.43 0.20 .1964 2. 534-0 
11 ppm N+6L 1.43 0.21 .2063 2.6613 
102 ppm N+6L 1 .46 0 .19 .1865 2.4100 
L = liter of carbowax stock solution 
• Mean of 3 runs. 
C 
Figure 4. Effect of carbowax on osmotic pressure of the 
nutrient solution 
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Germination tests on the urediospores were conducted 
twice during the experiment , i.e., one week after collection 
and two weeks before inoculation. A petri dish containing 
PDA was used and small cellophane squares were placed on the 
agar. The urediospores wer e sprinkled lightly on the 
cellophane . Cellophane squares were used so that excess 
moisture from the agar would no t interfere with spore 
gerl'!l. i nation. The first t est proc.u~'9d approximately 40~ 
germination and the second test approximately 25% 
ger mination. The spores were stored in viles wider 
f . ti at 5° C. re riger a on 
In order to insure optimum environmental conditions for 
fungus penetr ation and growth, two of the eight 
replic a tions were transferred from the greenhouse to a 
Perc ival plant environment chamber that was set to provide 
environmental conditions recommended by Couch (7}; i.e., air 
temperatures of 32° C. and high light intensity, 3,600 foot-
candles from 8 am to 7 pm. From 7 pm to 10 pm the same 
temperature was us ed with 1000 foot-candles. From 10 pm to 
8 am the air temper a ture was lowered to 18° C. and the light 
removed. The pathological studies thus involved two separate 
experiments, a chamber experiment and a greenhouse 
experiment. 
Chamber experiment : The urediospores were mixed with 
talc in a 1: 1 ratio and placed in a Cyolone Spore Spreader. 
37 
A 0.75% solution of detergent (Tween and 20) and distilled 
water was put into a "Sure Shot" self-contained air pressure 
sprayer. Cultures were placed in a n1o isture chamber 
(Figure 5) and a fine dew was spread over the l eaf blades 
using the sprayer. Wi th the Cyclone Spore Spreader, spores 
were dusted over the cultures and o.no ther layer of mist was 
t hen sprayed to l ay the s pores on the l eaves. This was done 
in l a t e afternoon so the moisture chamber temperature would 
not be in excess of 24° C. which approaches the maximum limit 
for optimum s pore germination. The chamber was then closed 
tor the evening. The f ollowing morning the chamber lid was 
opened slightly fo r a period of two hours so the dew would 
not evaporate rapidly killing germ tubes of the urediospores. 
After this drying period the cultures were moved to the 
plant environment chamber to be maintained and observed for 
a period of 12 to 14 days for rust symptoms. This 
inoculation procedure was performed on April 2, May 1 and 
again on May 24. Final harvest for cultures was made on 
May 31. 
Greenhous e exper iment: The same method of inoculation 
and observaticn was used as in the chamber experiment. The 
main difference was in the use of a moisture chamber that was 
built over the greenhouse bench . A wooden frame was 
constructed to cover all the cultures. Sphagnum moss was 
soaked with water and placed around the crocks. Burlap 
t 
Figure 5. Moisture chamber in which cultures were 
inoculated with diseas e organisms 
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stripping was also soaked and spread over the frame and the 
entire unit was covered with a polyethylene tarp. This 
provided adequate humidity. The inoculation dates for this 
experiment were April 4 and May 12. Final harvest for 3 
replicates was made on June 3. The remaining 3 replicates 
were harvested on July 2. 
Methods of Observation 
Grass was clipped every three weeks at al 1/2 inch 
height. This is less frequent and slightly higher than the 
recommended height of cut for Merion bluegrass but was 
considered necessary for this experiment. In order to 
provide accuracy in clipping, a guide was used which 
consisted of a sheet metal ring mounted on legs that held 
the frame exactly l 1/2 inches from the top of the culture 
lid (Figure 6). Clippings were weighed green and then dried 
in a forced air oven at 70° C. Dry weights were recorded 
and per cent dry weights were calculated for clippings from 
the various treatments. After the final harvest roots were 
clipped from the culture lids, dried and weighed. Sod was 
pulled from the culture lids, washed, dried and weighed . 
Fresh and dry clippings, dry root and dry sod yields 
were analyzed statistically. Differences in results described 
in this paper were significant at the 5% or higher level . 
The HF" test as described by Snedecor (31) was used to 
Figure 6. Clipping stand used to measure height of cut 
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determine which of the treatment effects was significant. 
The model used 1n the analysis is as follows: 
X ijk = _.l4+ Ni+ 1=j + NPij +Bk+ <i~k 
(l, ij k is normally distributed with mean of O and a standard 
deviation of ()" : B = block effect, N :c nitrogen effect, 
P = osmotic pressure effect, NP = nitrogen-pressure 
interaction effect, and e. is the error term consisting of 
block treatment interactions. The analysis of variance would 
be as follows: 
Source 
Total 
Blocks 
Treatments 
Error 
N 
p 
NP 
~ 
9B-l 
B-1 
8 
2 
2 
4 
8(B-l) 
In order to obtain quanti t ative data concerning disease 
incidence and severity, 25 leaf blades were randomly selected 
in each culture lid at an appropriate number of days after 
each inoculation. The number of lesions per each blade and 
the average size of lesions in mm . were recorded. 
General observations were made concerning number of 
cultures infected and treatment influence on degree of 
infection. 
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RESULTS 
Greenhouse Experiment 
Growth response to nitrogen 
On April 4 all treatments were first applied. By 
April 11, tip burn was noticable on grass receiving high 
nitrogen in combination with medium osmotic pressure 
(Figure 22). Grass receiving low and medium levels of 
nitrogen gave a steady yield until the second week in May . 
Grass that received high nitrogen maintained a steady growth 
rate yielding more than grass receiving low and medium levels 
(Tables 9 and 10). After a period of five weeks, as the 
temperature rose, grass receiving high nitrogen declined 
gradually in growth while grass on low and medium nitrogen 
levels maintained a constant growth rate. Foliage harvested 
on May 25 showed that the growth rate under all treatments 
had declined rapidly. Grass receiving low nitrogen became 
very chlorotic (Figures 7, 8, 15, 16 and 17). 
On June 3, three replications ~ere harvested. The 
growth rate of the remaining three replications showed a 
steady decline at all treatment levels. During the third 
week in June grass receiving high levels of nitrogen 
decreased in growth more rapidly than those receiving medium 
levels. By July 2, date of final harvest for the remaining 
3 replicates, grass receiving high nitrogen had approximately 
the same growth rate as grass receiving low nitrogen 
(Figures 9 and 10). 
Table 9. Average fresh weight of Merion bluegrass clippings f rom greenhouse 
study (grams) 
Treatments 
Date NlPl NlP2 NlP3 N2Pl N2P2 N2P3 N3P1 N3P2 N3P3 
April 20 6.63 5.,23 4 .85 9.88 9.25 8. 56 18.64 18.42 17.45 
May 6 7.62 5.51 6.23 11.72 9.98 9.04 32.48 29.00 21.82 
May 25 4.53 3.61 3.58 7.29 7.34 5.65 22.98 20.39 14. 57 
June 3 2.07 2.12 1. 50 3.77 2.99 2. 86 15.81 12.26 5.76 
June 14 2.20 2 .08 1 .26 5. 52 4.52 3.90 8.08 l+.61 3.14 
June 24 l.l+o 1.55 0.91 4. 54 3.89 3.61 4.75 4.07 2.75 + 
V\ 
July 2 1.15 0.70 0.39 2.41 1.83 1.33 1.22 0.94 o.41 
N 1 0 ppm. nitrogen pl 0.5 atmo s pheres osmotic pressure 
N2 10 ppm. nitrogen p2 0.75 atmospheres osmo tic pressure 
N3 100 ppm. nitrogen P3 1.50 atmospheres osmotic pressure 
Table 10. Average dry weight of Merion bluegrass clippings from greenhouse 
study (grams) 
Treatments 
Date N1P1 NlP2 N1P3 N2Pl N2P2 N2P3 N3P1 N3P2 N3P3 
April 20 1.36 1.07 1.01 2.11 2.16 1.94 3.92 4.36 3.96 
May 6 1.38 1.11 1.18 2.39 2.12 1.92 6. 51 6.11 4.91 
May 25 1.22 1.00 1.05 1.81 1.68 1.54 5.10 4.87 3.75 
June 3 0.53 0 .57 o.44 0.87 0.75 0.74 2.79 2.48 1.48 
June 14 o. 52 0.52 0.36 1.18 1.05 0.99 1.47 1.07 0.79 
June 24 0.30 0.39 0.25 0.92 0.81 o.ao 0.81 0.82 
+ 
0.63 °' 
July 2 0.39 0.27 0 .20 0.59 o.>+7 o.47 0.27 0.34 0 .19 
N l 0 ppm. nitrogen pl 0.5 atmospheres osmotic pressure 
N2 10 ppm . nitrogen P2 0.75 atmospheres osmotic pressure 
N3 100 ppm. nitrogen P3 1.50 atmospheres osmotic pressure 
Figure 7. Effect of nitrogen levels on fresh weight of Merion bluegrass foliage 
grown in the greenhouse until June 3 
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Figure 8. Effect of nitrogen levels on dry weight of Merion bluegrass foliage 
grown in the greenhouse until June 3 
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Growth response to osmotic pressure 
There were no differences attributed to osmotic 
pressure treatments during the first week of the experiment . 
After three weeks grass under all treatments increased in 
growth rate. Grass receiving low osmotic pressure had tbe 
highest yield, medium osmotic pressure produced the next 
highest and high osmotic pressure resulted in the lowest 
yield. During the second week of May the growth rate of 
grass receiving medium and high osmotic pressure treatments 
gradually decreased but maintained the s ame relative 
response . By May 25 the growth rate had declined rapidly . 
Throughout the experiment fluctuations in the growth rates 
were common. However, low osmotic pressures resulted in the 
highest yields, medium osmotic pressures next highest and 
high osmotic pressures produced the lowest yields (Figures 
11, 12, 21, 22 and 23). 
As the experiment continued through June, all osmotic 
pressure treatments in the remaining three replications 
continued to produce grass which declined in its growth rate . 
The low osmotic pressure treatments produced a more rapid 
decline in yield during June than the medium and high osmotic 
pressure treatments which resulted in a more gradual decline 
(Figures 13 and 1~). 
Grass receiving the low level of osmotic pressure 
regardless of nitrogen level gave a higher yield and better 
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Figure 9. Effect of nitrogen levels on fresh weight of Merion bluegrass 
foliage grown in the greenhouse from June 3 to July 2 
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Figure 10. Effect of nitrogen levels on dry weight of Merion bluegrass 
foliage grown in the greenhouse from June 3 to July 2 
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Figure 11. Ef f ect of osmotic pressure levels on fresh weight of Merion 
bluegrass foliage grown in the greenhouse until June 3 
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Figure 12. Effect of osmotic pres sure l evels on dry weight of Merion bluegrass 
foliage grown in the greenhouse until June 3 
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Figure 13. "!l'.ffect of osmotic pressure levels on fresh weight of Merion 
bluegrass foliage grown in the greenhouse from June 3 to July 2 
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Figure 14. Efrec t of osmotic pressure levels on the dry weight 0£ Merion 
bluegrass foliage grown in the greenhouse £rom June 3 to July 2 
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color of foliage during the last two months of the 
experiment than grass receiving the medium and high level of 
osmotic pressure in combination with low, medium or high 
nitrogen (Figures 15, 16, 17, 18, 19, 20, 21, 22 and 23). 
Per cent dry weight of clippings 
Nitrogen and osmotic pressure treatments had an effect 
on the per cent dry weight of the clippings. Nitrogen 
treatments caused a larger variation in per cent dry weight 
of foliage than osmotic pressure treatments. From April 20 
to May 11, grass grown on high nitrogen had the highest per 
cent dry weight, with medium nitrogen next and turf in the 
low nitrogen treatments produced the lowest per cent dry 
weight. After May 11 the results were reversed and low 
nitrogen treatments produced the highe.st per cent dry weight 
of foliage and high nitrogen gave the lowest p~r cent dry 
weight. These differences were significant and continued 
to remain the same until the latter part of June. At that 
time the low and high nitrogen treatments caused the per cent 
dry weight of foliage to increase more rapidly than did 
treatments containing the medium level of nitrogen 
(Figure 24). 
Osmotic pressure treatments showed no significant effect 
on per cent dry weight of foliage until May 25, when high 
osmotic pressure produced the highest per cent dry weight and 
low osmotic pressure had the lowest. These relationships 
continued throughout the remainder of the experiment 
Figure 15. Effect of low nitrogen in combination with low 
osmotic pressure on the growth and color of 
Merion bluegrass foliage 
Figure 16 . Effect of low nitrogen in combination with 
medium osmotic pressure on the growth and 
color of Merion bluegrass foliage 
Figure 1'7 . Effect of low nitrogen in combination with 
high osmotic pressure on the growth and color 
of Merion bluegrass foliage 
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Figure 18. Effect of medium nitrogen in combination with 
low osmotic pressure on the growth and color of 
Merion bluegrass foliage. Note Helminthosporium 
lesions on upper portion of blades 
Figure 19. Effect of medium nitrogen in combination with 
medium osmotic pressure on the growth and color 
of Merion bluegrass foliage 
Figure 20. Effect of medium nitrogen in combination with 
high osmotic pressure on the growth and color 
of Merion bluegrass foliage 
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Figure 21. Effect of high nit rogen in combination with 
low osmotic pressure on the growth and color 
of Merion bluegrass f oliage. Note 
Helminthosporium lesions on upper portion of 
the blades 
Figure 22 . Effect of high nitrogen in combination with 
medium osmotic pressure on the growth and 
color of Merion bluegrass foliage 
Figure 23 . Effect of high nitrogen in combination with 
high osmotic pressure on the growth and color 
of Merion bluegrass f oliage 
70 
Figure 24 . Effects of nitrogen levels on per cent dry weight of Merion 
bluegrass foliage grown in the greenhouse 
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(Table 11). There was a gradual decline in per cent dry 
weight of foliage for all osmotic pressure treatments during 
the month of June. Clippings taken on June 24 showed a 
rapid increase in per cent dry weight with high osmotic 
pressure producing highest per cent dry weight , low osmotic 
pressure producing the lowest per cent dry weight and medium 
osmotic pressure between the extremes (Figure 25). 
Dry weight of roots 
High nitrogen treatments, in combination with all 
osmotic pressure treatments, produced less dry weight of 
roots than treatments contalning either low or medium 
nitrogen (Table 12). The same results were noted visually 
(Figures 29, 30 and 31). 
Dry weight of sod 
There was no significant ef fect by either nitrogen 
treatments or osmotic pressure treatments on dry weight of 
sod (Table 13). 
Fusarium 
On March 9, before treatments were started, grass in 
several cultures bec ame infected. at crown level. The 
infection was localized in the center of the cultures. 
Isolates from the diseased tissue were made and the organisms 
Table 11. Aver age per cent dry weight of Merion bluegrass clippings from 
greenhouse study 
Treatments 
Date NlPl N1P2 N1P3 N2Pl N2P2 N2P3 N3P1 N3P2 N3P3 
April 20 20.02 20.81 20.79 21.68 23.61 22.76 21.18 26.4o 22.70 
May 6 17.54 19.99 17.96 20.33 21.31 21.03 20 .. 06 21.08 22.91 
May 25 26.91 28.00 30.08 21+.96 24.05 27.37 22.32 2>+.07 26.10 
June 3 25.7>+ 26.96 29.62 23.25 25.23 26.61 17.78 20.1+1 27.65 
June 14 23. 52 25.19 28.89 21.47 23.35 25. 56 18.15 27.65 25.20 
June 21+ 21.65 25.36 28.30 20.30 20.85 22.30 17.00 21.27 23.20 '1 .J:" 
July 2 33.35 1+1.29 57.43 24.1+3 25.83 35.12 26.97 37.02 57.27 
Nl 0 ppm. nitrogen p 1 0.5 atmospheres osmotic pressure 
N2 10 ppm. nitrogen P2 0.75 atmospheres osmotie pressure 
N3 100 ppm. nitrogen P3 1.50 atmospheres osmotic pressure 
Figure 25. Effect of osmotic pressure levels on per cent dry weight of Merion 
bluegrass foliage grown in the greenhouse 
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Table 12. Average dry weight of roots (gr ams) 
Treatments 
Experiment NlPl NlP2 N1P3 N2Pl N2P2 N2P3 N3P1 N3P2 N3P3 
Chamber 6.02 6.48 6.51 4.35 5.79 6.30 4. 54 2.71 2.41 
Greenhouse a 4.32 3.89 3.92 4.21 3.87 3.99 2.45 2.31 2.86 
Greenhouseb 4.77 3.82 3.25 3.65 3.85 3.51 1.37 1 .80 1.46 
N l 0 ppm . nitrogen 
p 
1 0.5 at mo spheres osmo tic pressure 
N2 10 ppm. nitrogen p2 0.75 atmospheres osmotic pressure 
N3 100 ppm. nitrogen P3 1.50 a t mospheres osmotic pressure 
aAverage of the three replications harvested June 3. 
bAverage of the three replications harvested July 2. 
--..J 
--..J 
Table 13. Average dry weight of sod (grams) 
Treatments 
Experiment Nlpl N1P2 N1P3 N2Pl N2P2 N2P3 N3P1 N3P2 N3P3 
Chamber 17.04 18.98 15.42 12.87 17.01 15.55 15.69 16.42 18.82 
Greenhouse a 7.72 8.61 7.35 9.34 8.69 8.54 10.42 10.49 10.44-
Greenhouseb 11.13 8.15 8.37 9. 53 9. 91 11.30 7.91 10.94- 9.53 
Nl 0 ppm. nitrogen pl 0.5 atmospheres osmotic pressure 
N2 10 ppm. nitrogen P2 0.75 atmospheres osmo tic pressure 
N3 100 ppm. n itrogen P3 1.50 atmospheres osmotic pressure 
aAverage of the three replications harvested June 3. 
bAverage of the three replications harvested July 2 . 
--.J 
CX> 
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identified by T1ffany1 as three different species of the 
Fusarium roseum complex. The disease was controlled by 
mechanical destruction of active masses of mycelium and 
leaching through the culture lid with distilled water. 
During the 12 to 14 day observation period after 
inoculation only one rust pustule was found on the greenhouse 
cultures. There was no evidence of the character istic leaf 
flecking symptom. 
Helminthosporium 
On April 4, grass was inoculated w~th rust spores as 
described earlier. By April 6, a leaf spot disease was 
observed infecting the top half of some leaves on all 
cultures {Figure 26). These leaf spots faded by April 10. 
Grass was inoculated again on May 12. On May 15, leaf spot 
lesions were first noticed. This time data were taken that 
showed the leaf spot infection was influenced by the osmotic 
pressure treatments but not at a significant level. Grass 
receiving low osmotic pressure treatments had a higher 
average number of lesions per blade and a higher average size 
of lesion than did grass receiving medium or high osmotic 
pressures . Grass receiving high osmotic pressure gave the 
1T1ffany, Lois, Ames, Iowa. Identification of fungi. 
Private communication. 1963. 
Figure 26. Leaf spot disease on Merion bluegrass caused 
by Helminthosporium sativum. Note only upper 
half of leaves are infected 
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lowest average number of lesions per blade and also the 
smallest lesion size (Tables 14 and 15). 
Several infected leaf blades were taken and a fungus 
was isolated from them. A descriptive key written by 
Drechsler (12) was used and the fungus was identified as 
Helminthosporium sativum. 
Growth Chamber Experiment 
Growth response to nitrogen 
Treatments were first applied on April 2. After one week 
tip burn was observed on grass treated with high ni trogen in 
combination with medium osmotic pressure. Grass receiving 
low and medium levels of nitrogen declined in growth rate 
throughout the latter part of April. Grass that received 
high nitrogen also declined during the same period but had a 
higher yield than grass on low and medium nitrogen. 
From April 27 to May 19 all grass showed a steady 
increase in growth. Grass on high nitrogen produced a more 
rapid increase in growth with a higher yield than grass on 
low and medium nitrogen. On May 19 grass receiving low and 
medium nitrogen levels showed a gradual decline in growth 
that continued until final harvest (Tables 16 and 17). Low 
nitrogen treated grass showed severe chlorosis compared to 
grass on medium nitrogen. During the same period grass on 
high nitrogen produced a more rapid decline in growth than 
grass on low and medium nitrogen (Figures 27 and 28). Under 
Table 11+. Average size of HelminthosporLum lesion in mm. 
Treatments 
Experiment NlPl NlP2 N1P3 N2Pl N2P2 N2P3 N3P1 N3P2 N3P3 
Chamber 1.96 0.62 1.00 1.1+8 1.50 1.38 1.99 1.55 0.33 
Greenhouse 1.2, 0.62 0.83 1.07 1.05 0.58 1.49 0.96 1.01 
Nl 0 ppm. nitrogen pl 0.5 atmospheres osmotic pressure 
00 
w 
N2 10 ppm. nitrogen p2 0.75 atmospheres osmo tic pressure 
N3 100 ppm. nitrogen P3 1.50 atmospheres osmotic pressure 
Table 15. Average number of Helrninthosporium lesion per blade 
Treatments 
Experiment NlPl NlP2 N1P3 N2Pl N2P2 N2P3 N3P1 N3P2 N3P3 
Chamber 1.54 0 .12 0.10 2.38 0.89 O.ll+ 3.98 o.67 o.41+ 
Greenhouse 1 . 05 1.24 o. 58 1.09 1.23 1.21 1.22 0.65 0.1+7 
Nl 0 ppm. nitrogen pl 0. 5 atmospheres osmotic pressure 
0) 
N2 10 ppm •. nitrogen p2 0.75 atmospheres osmotic pressure 
+ 
N 3 100 ppm. nitrogen P3 1.50 atmospheres osmotic pressure 
Table 16. Average fresh weight of Merion bluegrass clippi ngs from Growth Chamber 
Study (grams) 
Treatments 
Date NlPl NlP2 N1P3 N2Pl N2P2 N2P3 N3P1 N3P2 N3P3 
April 18 7.36 7. 56 5.43 11.78 8. 51 9.66 27.61 22.70 19.8? 
April 27 2.00 l.4o 1.07 l+.99 2.89 3. 54 18.97 16.83 13.58 
May 19 8.29 2.68 1.81 18.68 4.62 6.18 69.11+ 37.60 19.98 
May 31 3.76 1. 59 1.21 0.86 3.93 4.65 28.66 13.75 4.36 
Nl 0 ppm. nitrogen pl 0.5 atmospheres osmotic pressure co "" 
N2 10 ppm. nitrogen P2 0.75 atmospheres osmotic pressure 
N3 100 ppm. nitrogen P3 1.50 atmospheres osmotic pressure 
Table 17. Average dry weight of Merion bluegrass clippings from Growth Chamber 
Study (grams) 
Treatments 
Date NlPl N1P2 N1P3 N2Pl N2P2 N2P3 N3P1 N3P2 N3P3 
April 18 2.19 2.23 1.72 3.12 2.63 2.89 6.17 5.75 5. 58 
April 27 0.62 o .49 o.42 1.43 0 . 95 1.14 4.03 3.40 3.16 
May 19 2.11 0.64 o.41+ 4.01 1.11+ 1.70 14.ol+ 8.93 6.15 
May 31 1.08 0.52 o.43 0.29 1.20 1.38 5.69 3.38 1.48 (X) 
°' 
Nl 0 ppm. nitrogen pl o.; atmospheres osmotic pressure 
N2 10 ppm. nitrogen p 2 0.75 atmospheres osmotic pressure 
N3 100 ppm. nitrogen P3 1.50 atmospheres osmo tic pressure 
~ ---
---· 
Fi gure 27. Effect of nitrogen levels on fre sh weight of Merion bluegrass 
foliage grown in the growth chamber 
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Figure 28. Effect of nitrogen levels on dry weight of Merion bluegrass foliage 
grown in the growth chamber 
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low osmotic pressure the low ni t rogen treated grass showed 
a decrease in growth compared to grass grown on medium and 
high nitrogen (Figure 29). 
During the last two months of the experiment the medium 
nitrogen-medium osmotic pressure treated grass showed a 
marked increase in growth over the low and high nitrogen 
treated grass in combination with medium .osmotic pressure 
(Figure 30). With high osmotic pressure, the high nitrogen 
treated grass was first to stop growing while the low 
nitrogen treated grass showed a limited growth and medium 
nitrogen treated grass continued growth (Figure 31). 
Growth response to osmotic pressure 
During the first three weeks of the experiment the 
growth rate of grass on all osmotic pressure treatments 
declined with low osmotic pressure producing the highest 
yield, medium osmotic pressure next highest, and high osmotic 
pressure the lowest yield. From April 27 to May 19 there was 
a gradual increase in growth of grass receiving medium and 
high osmotic pressures while grass on low osmotic pressure 
treatments increased rapidly. On May 19, grass receiving 
medium and high osmotic pressures gradually declined in 
growth while grass receiving low osmotic pressure decreased 
rapidly throughout the remainder of the experiment (Figures 
32 and 33). During that time grass receiving medium and high 
levels of osmotic pressure formed a chlorotic sod while grass 
Figure 29. Effects of low, medium and high nitrogen in 
combination with low osmotic pressure on 
growth of Merion bluegrass 
Figure 30. Effects of low, medium and high nitrogen in 
combination with medium osmotic pressure on 
growth of Merion bluegrass 
Figure 31. Effects of low, medium and high nitrogen in 
combination with high osmotic pressure on 
growth of Merion bluegrass 
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EFFECTS OF NITROGEN AND MOISTURE 
STRESS ON TOLERANCE OF MERION 
BLUEGRASS TO RUST 
Figure 32. Effect of osmotic pressure levels on fresh weight of Merion 
bluegrass folia~e grown in the growth chamber 
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Figure 33. Effect of osmotic pressure levels on dry weight of Merion 
bluegrass foliaise grown in the growth chamber 
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receiving low osmotic pressure treatments produced sod with 
the least ohlorotic tissue (Figures 3~, 35 and 36). 
Per cent dry weight of clirreings 
Mi trogen and osmotic pressure treatments had an effect 
on the per cent dry weight of clippings . Grass receiving low 
and medium nitrogen gradually increased in per cent dry 
weight during the first two weeks of the 6Xper1ment while 
grass receiving high nitrogen gradually decreased in per cent 
dry weight (Table 18). 
From April 27 to May 19 the results were reversed and 
the high nitrogen treated grass increased in per cent dry 
weight of foliage while the low and medium nitrogen treated 
grass decreased. On May 19, grass receiving low, medium and 
high nitrogen produced approximately the same per cent dry 
weight with no significant differences. 
From May 19 to May 31, grass receiving all three levels 
of nitrogen increased in per cent dry weight of foliage with 
low nitrogen treated grass having the highest percentage, 
medium nitrogen treated grass next highest and high nitrogen 
treated grass having the lowest percentage (F1gur,e 37). 
Differences in osmotic pressure treatment effects 
remained constant throughout the experiment. Grass treated 
with high osmotic pressures had the highest per cent dry 
weight of foliage, medium osmotic pressure the next highest 
and low osmotic pressure the lowest. All three osmotic 
Figure 34. Effects of low, medium and high osmotic 
pressures in combination with low nitrogen 
on growth of Merion bluegrass 
Figure 35. Effects of low, medium and high osmotic 
pressures in combination with medium nitrogen 
on growth of Merion bluegrass 
Figure 36. Effects of low, medium and high osmotic 
pressures 1n combination with high nitrogen 
on growth of Merion bluegrass 
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EFFECTS OF NITROGEN AND MOISTURE 
STRESS ON TOLERANCE OF MERION 
BLUEGRASS TO RUST 
Table 18. Average per cent dry weight of Merion bluegrass clippings from 
Growth Chamber Study 
Treatments 
Date NlPl NlP2 N1P3 N2Pl N2P2 N2P3 N3P1 N3P2 N3P3 
April 18 29.81 29.57 32.24 26.52 30.92 30.20 22.46 25.31 28.06 
April 27 31.21 35.08 39 .62 28.62 33.01 32.15 21.23 20.31 23.22 
May 19 25.79 24.97 20.52 21. 59 24.69 27 .57 20.24 23.90 31.34 
May 31 28.95 33.15 37.37 33.17 30.65 29 . 75 19.81 24.81+ 34.oo 
I-' 
0 .... 
Nl 0 ppm. nitrogen pl 0.5 atmospheres osmotic pressure 
N2 10 ppm. nitrogen p2 0.75 atmos phere s osmotic pressure 
N3 100 ppm. nitrogen P3 1.50 atmospheres osmotic pressure 
Figure 37. E.ffect of nitrogen levels on per cent dry weight of Merion 
bluegrass foliage grown in the growth chamber 
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pressure treatments increased the per cent dry weight of 
grass slightly during the first two weeks. From April 27 
to May 19 per cent dry weight of grass under all treatments 
showed a decline. On May 19 grass under a.11 treatments 
continued to gradually increase in per cent dry weight 
until final harvest (Figure 38). 
Dry weight of roots 
Data on dry weight of the roots showed the same results 
as those in the greenhouse experiment. High nitrogen 
treatments regardless of osmotic pressure treatment produced 
fewer roots than treatments with either low or medium nitrogen 
in combination with the osmotic pressure treatments 
(Table 19). These results were also noted visually 
(Figures 29, 30 and 31). 
Dry weight of sod 
There was no significant effect by either nitrogen 
treatments or osmotic pressure treatments on dry weight of 
the sod (Table 20). 
Throughout the observation period after inoculation, 
no rust symptoms of leaf flecking or pustules were noted. 
Figure 38. Effect of osmotic pressure levels on per cent dry weight of Merion 
bluegrass foliage grown in the growth chamber 
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Table 19. Average root yield in grams dry weight 
Treatment NlPl NlP2 N1P3 N2Pl N2P2 N2P3 N3P1 . N3P2 N3P3 
Chamber 
May 31, 1963 6.02 6.48 6.51 4.35 5.79 6.30 4. 5'4 2.71 2.41 
Greenhouse 
June 3, 1963 4.32 3.89 3.92 4 .21 3.87 3.99 2.45 2.31 2.86 
Greenhouse 
July 2, 1963 4.77 3.82 3.25 3.65 3.83 3.51 1.37 1.80 1.46 
~ 
0 
Nl 0 ppm. nitrogen pl 0.5 atmospheres osmotic pressut'e ~ 
N2 10 ppm . nitrogen p 2 0.75 atmospheres osmotic pressure 
N3 100 ppm. nitrogen P3 1.50 atmospheres osmotic pressure 
Table 20. Aver age sod yield in grams dry weight 
Treatment NlPl N1P2 N1P3 N2P1 N2P2 N2P3 N3P1 N3P2 N3P3 
Chamber 
May 31, 1963 17.()l+ 18.98 15.42 12.87 17.01 15.55 15.69 16.42 18.82 
Greenhouse 
June 3, 1963 7.72 8.61 7.35 9.34 8.69 8. 54 10.42 10.49 10.l+l+ 
Greenhouse 
July 2, 1963 11.13 8 .. 15 8"37 9. 53 9.91 11.30 7.91 10. 94 9.53 
..... 
0 
(X) 
Nl 0 ppm. nitrogen pl O. 5 at mospheres osmotic pres sure 
N2 10 ppm. nitrogen P2 0.75 atmos yheres osmotic pressure 
N3 100 ppm. nitrogen P3 1.50 atmospheres osmotic pressure 
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Helminthosporium 
On April 2, grass grown in chamber cultures was 
inoculated with rust spores by the method previously stated. 
Two days after inoculation leaf spots were observed infecting 
grass in all cultures. Only the top portion of the leaves 
was infected. The leaf spot infection was significantly 
affected by nitrogen and osmotic pressure treatments. The 
aver age number of lesions per blade increased as the nitrogen 
level increased. The average number of lesions per blade 
decreased as the osmotic pressure level increased (Figure 39). 
The aver age size of lesions was larger on grass treated with 
the medium and high nitrogen levels than with the low 
nitrogen level. The average size of lesions decreased as 
the osmotic pressure increased (Figure l+o). The leaf spot 
infection did not spread and the lesions faded after a period 
of one week. 
Results from inoculation on Mayland on May 24 were the 
same as for the April 2 inoculation date. 
Figure 39. Effect of nitrogen and osmotic pressure treatments on the number 
of Helminthosporium sativum lesions per blade of Merion bluegrass 
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Figure 40. Effect of nitrogen and osmotie pressure treatments on the size of 
Helminthosporitl@ sativum lesions on Merion bluegrass 
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DISCUSSION AND CONCLUSI ONS 
Results of these experiments show that different levels 
of osmotic pressure can be created in solution cultures by 
t he use of a high molecular polyethylene glycol. This is 1n 
accord with results obtained from solution culture 
experiments conducted by Janes1 , who also used Carbowax to 
establish mois ture s tresses. 
The nitrogen level and the osmotic pressure of the 
nutrient solution influenced the ability of turf to maintain 
growth. Gra&s receiving low and high levels of nitrogen in 
combination with high mo i sture stress were first to show 
symptoms of chlorosis in the sod and a decrease 1n growth 
of the foli age. Grass receiving medium levels of nitrogen 
in combination with low levels of moisture s tress maintained 
a more constant growth rate of foli age throughout the 
experiment and were the l as t to develop a ehlorotic sod. 
The inability of plants to produce optimum growth under 
conditions of nitrogen defici ency and high mo is t ure s tress 
is well documented in plant physiology texts. Accordi ng to 
Carroll (5) and Pellett (2~) high nitrogen levels lower the 
resistance of Kentucky bluegrass to high temper atures and they 
cause a decrease in foliar growth. This may be due to the 
growth habit of the plant or an unbalance of nut rients. 
1Janes, B. E., University of Connecticut, Storrs, 
Connecticut. Osmotic effects of nutrient solutions on plant 
nutrition. Private communication. May 1961. 
In many plants a portion of the absorbed nitrate is reduced 
in the roots, while a further portion is transported to the 
leaves and reduced at this site. According to Meyer and 
Anderson (20) this is t rue in wheat. The reduction of nitrate 
to ammonia may have been altered by the excess nitrogen and 
high temperatures causing injurious concentrations of 
amm,onia to build up in the root and leaf tissues. 
As the osmotic pressure increased the foliar growth 
of the turf decreased. Cell enlargement is the dominant 
and most obvious phase in vegetative growth of a plant. 
Aocord1ng to Meyer and Anderson (20) this increase in size 
(elongation) is caused primarily by an absorption of water. 
When a large portion of water is held in larger molecules 
by the Carbowax than will pass through the root membrane the 
available water is at a minimum. This decrease in absorption 
of available water causes a decrease in cell enlargement and 
also a decrease in the a.mount of nitrate that is absorbed . 
Fusar1um roseum infected several cultures during the 
establishment period prior to the beginning of treatments . 
There have been few reports of this disease complex on 
turfgrasses. Fusariun1 species have been more commonly 
as sociated in the past with cold weather turf diseases suoh 
as the snow molds . Pathologists who have isolated this fungus 
from diseased turf during warm weather disregarded its 
i mpor tance thinking that it had no possibility as a pathogen 
at that time . 
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Couch1 reported recently that this same disease complex had 
infected turf in his greenhouse experiments. Use of chemical 
control might have influenced the results of these 
experiments so a cultural method of leaching the mycelium 
through the cul ture lid was used . This method of control 
was very effective. 
Rust infection could not be obtained using the method 
described by Couch (7). Recommended conditions were 
maintained and the ur ediospores were in a viable state. 
Observations in the field with Merion bluegrass 
indicate that when it is growing vigorously, rust infection 
is reduced. It has not been conclusively demonstrated that 
increased growth rate makes Merion more resistant to rust. 
There is a possibili ty that a vlgorous turf keeps growing out 
of the infected leaf portions or extends those portions above 
the clipping height and they are removed by the mower. It is 
also possible that factors favoring rapid plant growth may 
influence the metabolism of the plant so that infection is 
less likely 
Roberts 2 has speculated that rapid growth is not 
completely responsible for the laek of rust infection in well 
1couch, H. B., Pennsylvania State University. 
University Park, Pa. Fusarium organisms. Private 
communic ation . July 1963. 
2 Roberts, E. c., Ames , Iowa. 
bluegrass. Private communication. 
Rust infection of Merion 
1963. 
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maintained Merion turf. At any given time during rust 
infection Merion bluegrass sod can be examined and numerous 
plants found that are not making rapid growth and are not 
significantly infected with rust. However, if turf is 
nitrogen deficient and lacks water and thus ls not making 
rapid growth, all or most of the plants will be heavily 
infected,regardless of the location in the sod . 
It may be concluded from these observations that the 
rate of growth may have some effect on rust infection but it 
is also likely that there is more than just the factor of 
growth r ate involved. 
Results of field experiments conducted at Iowa State 
University indic ate that moisture level is equally as 
i mportant as nitrogen in suppressing rust development on 
Merion bluegrass. For example, during the 1962 growing season 
Merion bluegrass plots that were fertilized with ureaform 
nitrogen (N1troform) at the rate of 2 pounds actual nitrogen 
per 1000 square feet and 10 pounds actual nitrogen per 1000 
square feet did not become severely infected with rust under 
frequent irrigation pr actices. Other Merion plots receiving 
the same rates of nitrogen but not irrigated became severely 
infected with rust. There was very little rust infection 
during the 1963 growing season because of higher rainfall. 
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The field data indicate that a no nitrogen treatment 
combined with high moisture stress conditions which are 
considered very unfavorable for growth should be most 
favorable for rust infection of Merion bluegrass in solution 
culture. It was found that these treatments were not 
drastic enough to permit infection with rust spores under 
greenhouse or growth chamber conditions. These observations 
support the hypothesis that a physiological process within 
the plant affects rust infection and not simply the rate 
of growth of the turf. 
Approximately two days after each inoculation with 
urediospores, leaf spots caused by Helm1nthospor1um sativum 
were observed on the top portion of leaf blades. A 
microscopicexamination of the urediospores confirmed that 
spores of Helminthosporium and Cµrvularia were present but 
in very small quantities compared to the urediospores. 
Conditions recommended for storing and inoculating 
urediospores are apparently favorable for Helm1nthospor 1um 
sativum spores. The average number of leaf spot lesions per 
blade and the average size of lesions increased with 
increasing nitrogen and decreasing osmotic pressure. The 
high levels of osmotic pressure were not severe enough to 
cause wilting so that plants remained turgid under all 
treatments even when growth stopped. It is suggested that 
flooding of the intercellular spaces may have resulted from 
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the high nitrogen and low mois ture stress treatments. 
Observations of this effect have been reported by 
Valleau (34). This condition may have been responsible 
for increased susceptibility of the plant tissue to disease 
infection. 
No reference has been found that provides information 
concerning Helminthosporium sativum infection on Merion 
bluegrass. Under field conditions this organism may be a 
weak pathogen on Merion bluegrass while under solution 
culture conditions of high nitrogen and low moisture stress 
infection is more likely. It is interesting to note that 
infection under solution culture conditions did not 
seriously injure the s tand of grass at any time. There 
appears to be sufficient inoculum within the turf in the 
fie ld for serious infestations of this disease. Perhaps 
other Helminthosporium species are more influenced by these 
factors of nitrogen and moisture stress than previously 
recognized. 
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SUMMARY 
Experiments with Merion bluegrass grown in solution 
culture were conducted under growth chamber and greenhouse 
conditions. Resul ts of these experiments indicated that 
various levels of nitrogen and osmotic pressure of the 
nutrient solution had an influence on the growth of turf. 
These same factors had an influence on the susceptibility 
of tur f to Rus t and Melting-out diseases. 
The principal results may be swrunarized as follows: 
1. High nitrogen levels lowered the resistance of 
Merion bluegrass to high temperatures and caused 
a decrease in foliar growth. 
2. As the osmo tic pressure of the nutrient solution 
was increased foliar growth of Merion bluegrass 
turf decreased. 
3. Fusarium roseum infected several cultures of 
Merion bluegrass during the period of turf 
establishment. 
4. Rust (Puccinia grrunini~) infection on Merion 
bluegrass was not obta ined in solution culture. 
Field observations indicate that a physiological 
process within the plant affects rust infection 
and not just the growth rate of the turf. Results 
in solution culture confirm this hypothesis. 
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5. Conditions recommended for storing and inoculating 
urediospores were also favorable for Helminthosporium 
sativum. 
6. The average number of HelmintbosporiH,!'l! lesions 
per leaf blade on Merion bluegrass and the aver age 
size of Helminthosporium lesions increased with 
inereasing levels of nltrogen and decreasing 
levels of osmotic pressure . 
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APPENDIX: STATISTIC AL ANALYSIS 
Table 21. "F" values from analysis of variance of fresh weight of clippings 
from greenhouse 
Treatment Date 
effect April 20 May 6 May 25' June 3 June 14b June 24b 
N 109.00** 4oo.4,** 135'.21 •• 235.87** 31.94** 30.69** 
p 1.33 186 .47** 7.08** 34.45** 15.22** 4.38* 
NP 
___ a 
7.47** 3.08* 22.83** 4.14* 
___ a 
N Nitrogen effect 
P Osmotic pressure effect 
NP Nitrogen - osmotic pressure interaction effect 
aA dotted line(---) indicates an F value of less than 1.00. 
bThree replications extended until July 2. 
* Significant at the 5% level. 
** Significant at the 1% level. 
J'uly 2b 
25.72** 
13.30** 
___ a 
..... 
I\) 
0) 
Table 22. "F" values from analysis of variance of dry weight of clippings 
from greenhouse 
Treatment Date 
effect April 20 May 6 May 25 June 3 June 14b June 24b 
N 168.88** 752.81 ** 160.6,** 537.08** 53 .21 ** 49.55** 
p a 18.26** 4.25* 43.04** 11.81** 2.57 ---
NP a 6.94** 2.09 27.4o** 3.11* a --- ---
N Nitrogen effect 
P Osmotic pressure effect 
NP Nitrogen - osmotic pressure interaction effect 
aA dotted line (---) indicates an F value of less than 1.00. 
bThree replications left to study growth recession effects. 
* Sign1f'icant at the 5% level. 
** Significant at the 1% level. 
July 2b 
19.51+** 
4.69* 
1.16 
t-' 
I\) 
'° 
Table 23. values from analysis of variance of % dry weight of clippings from greenhouse 
Treatment Date 
effects April 20 May 6 May 25 June 3 June 14b June 24b 
N 2.48 7.68** 17.07** 11.01+** a 15.65** --
p 1.95 2.17 10.16** 19.36** 4.51 * 15. ~** 
NP a 1.13· a 6.15** a 1.56 -- -- --
N Nitrogen effect 
P Osmotic pressure effect 
NP Nitrogen -osmotic pressure interaction effect 
8A doted line(---) indicates an F value of less than 1.00. 
b Three replications extended until July 2. 
* Significant at the 5% level. 
**Significant at the 1% level. 
July 2b 
3.37 
6.31** 
a 
I-' vJ 0 
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Table 24. "F" values from analysis of variance of dry 
weight of roots from chamber 
Treatment Harvest Date 
effect May 31 
N 388.89** 
p a 
NP 6.03* 
N Nitr ogen effect 
P Osmotic pressure effect 
NP Nitrogen - osmotic pressure inter action effect 
8 A dotted line(---) indicates an F value of less 
than 1.00 . 
* Significant at the 5% level • 
.... 
Significant at the 1% level. 
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Table 25. "F" values from analysis of variance of dry 
weigh t of roots from greenhouse 
Treatment Harvest Date 
effect June 3 July 2 
N 26.11** 42.38** 
p ---a 1.8; 
NP a 1.79 ---
N Nitrogen effect 
P Osmotic pressure effect 
NP Nitrogen - osmotic pressure interaction effect 
aA dotted line(---) indicates an F value of less 
than 1.00. 
** Significant at the 1% level. 
Table 26. "F" values from analysis of variance of dry 
weight of sod from chamber 
Treatment Date 
effect May 31 
N a ..... 
p a .... _ 
NP a ---
N Nitrogen effect 
P Osmotic pressure effect 
NP Nitrogen - osmotic pressure interaction effect 
aA dotted line(---) indicates an F value of less 
than 1.00. 
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Table 2?. "F" values from analysis of variance of dry 
weight of sod from greenhouse 
Treatment Date 
effect June 3 July 2 
N 12.60** 2. 51 
p a a 
NP a 8. 51 •• ---
N Nitrogen effect 
P Osmotic pressure effect 
NP Nitrogen - osmotic pressure interaction effect 
aA dotted line(---) indicates an F value of less 
than 1.00. 
** Significant at the 1% level. 
Table 28. 14F" values from analysis of v ariance of dry weight of clippings 
from chamber 
Treatment Date 
effects 
N 
p 
NP 
N 
p 
April 18 April 27 
195.17** 171.ao** 
2.37 4,33 
a a ---
Nitrogen effect 
Osmotic pressure effect 
May 19 
144,1+4** 
28.85** 
6.63* 
NP Nitrogen - osmo tic pressure interaction effect 
aA dotted line{---) indicates an F value of less than 1.00. 
* Significant at the 5.% level. 
** Significant at the 1% level. 
May 31 
** 79.62 ,.
12.75** 
20.13** 
.... 
w 
.f:" 
Table 29. ttFn values from analysis of variance of fr esh weight of clippings 
f r om chamber 
Treatment Date 
effects April 18 April 27 May 19 May 31 
N 135.aa** 566.85** 163.85** 103.81** 
p 7.02°* 15.4o** 54.46** 27.84** 
NP 2.16 5.01* 17.69** 34.37** 
N Nitrogen effect 
P Osmotic pressure effect 
NP Nitrogen - osmotic pressure inter action effect 
* Significant at the 5% level. 
** Significant at the 1% level. 
.... 
U,.I 
"' 
Table 30. "F" values from analysis of variance of% dry weight of clippings 
from chamber 
Treat ment Date 
effect April 18 April 27 May 19 
N 7.77* 39.41** a ---
p 3.99 4.28 1.26 
a NP --- 1.21 2.02 
N Nitrogen effect 
P Osmotic pressure effect 
NP Nitrogen - osmotic pressure interaction effect 
aA dotted line(---) indicates an F value of less than 1.00. 
• Significant at the 5% level. 
** Significant at the 1% level. 
May 31 
12. 56 ** 
** 10.33 
6.71 * 
..... 
w 
"' 
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Table 31. ''F" values from analysis of variance for average 
number of Helmintbospor1um lesions per blade 
Treatment 
effect 
N 
p 
NP 
N Nitrogen effect 
Greenhouse 
1.17 
1.12 
a ---
P Osmotic pressur e effect 
Chamber 
6.38* 
35 .17** 
2.78 
NP Nitrogen - osmotic pressure interaction effect 
aA dotted line(---) indi cates an F value of less than 
1.00. 
* Significant at the 5% level. 
** Significant at the 1% level. 
Table 32. °F" values from analysis of variance for average 
size of Helminthosporium lesions 
Tr eatment 
effect Greenhouse Chamber 
N 1.67 a 
p 4.87* 3.39 
NP 1.0; l. 56 
N Nitrogen effect 
P Osmotic pressure effect 
NP Nitrogen - osmotic pressure i nteraction effect 
a.A dotted line (---) indic ates an F value of less than 
1.00. 
* Si gnificant at the 5% level. 
** Significant at the 1% level. 
